BACKGROUND: As the largest integrated US health system, the Veterans Health Administration (VHA) provides unique national data to expand knowledge about the association between neighborhood socioeconomic status (NSES) and health. Although living in areas of lower NSES has been associated with higher mortality, previous studies have been limited to higher-income, less diverse populations than those who receive VHA care. OBJECTIVE: To describe the association between NSES and all-cause mortality in a national sample of veterans enrolled in VHA primary care. DESIGN: One-year observational cohort of veterans who were alive on December 31, 2011. Data on individual veterans (vital status, and clinical and demographic characteristics) were abstracted from the VHA Corporate Data Warehouse. Census tract information was obtained from the US Census Bureau American Community Survey. Logistic regression was used to model the association between NSES deciles and all-cause mortality during 2012, adjusting for individual-level income and demographics, and accounting for spatial autocorrelation. PARTICIPANTS: Veterans who had vital status, demographic, and NSES data, and who were both assigned a primary care physician and alive on December 31, 2011 (n = 4,814,631). MAIN MEASURES: Census tracts were used as proxies for neighborhoods. A summary score based on census tract data characterized NSES. Veteran addresses were geocoded and linked to census tract NSES scores. Census tracts were divided into NSES deciles. KEY RESULTS: In adjusted analysis, veterans living in the lowest-decile NSES tract were 10 % (OR 1.10, 95 % CI 1.07, 1.14) more likely to die than those living in the highest-decile NSES tract. CONCLUSIONS: Lower neighborhood SES is associated with all-cause mortality among veterans after adjusting for individual-level socioeconomic characteristics. NSES should be considered in risk adjustment models for veteran mortality, and may need to be incorporated into strategies aimed at improving veteran health.
INTRODUCTION
Social and environmental factors such as neighborhood characteristics are increasingly recognized as potentially better determinants of health than direct health care services. 1 Lower neighborhood socioeconomic status (NSES) has been associated with higher mortality, lower physical functioning, and worse health status. [2] [3] [4] [5] The mechanisms by which NSES affects health may include increased physiologic stress, lack of resources necessary for a healthy lifestyle, lower levels of social cohesion and social support, [6] [7] [8] and less availability of public services and access to quality medical care. 9 Increasingly, health care organizations are being asked to assume financial risk for enrolled patients. However, current risk adjustment measures may not adequately capture all dimensions of patient risk. 10 There are ongoing efforts by the Veterans Health Administration (VHA) and other integrated health systems to develop population health indicators and risk adjustment methods to account for differences in population health. 11 As one of the largest US integrated health systems, the VHA is increasingly interested in social determinants of veterans' health, 12 in part because the Department of Veterans Affairs (VA) is charged by statute with addressing both the medical and non-medical needs of the veteran population. The VHA prioritizes the provision of health care services based on military service-related disability and income. Veterans who use VHA services generally have worse health status and increased disability days, and are from more socially disadvantaged groups, than the general population. 13, 14 Despite the large body of literature examining the impact of neighborhood on health, previous studies in the US have been limited by (1) examination of higher-income populations with limited racial/ethnic diversity 15 or (2) national studies with limited information on individual health status and comorbidity. 16, 17 The goal of this study is to describe the association between NSES and all-cause mortality in a national sample of Electronic supplementary material The online version of this article (doi:10.1007/s11606-016-3905-x) contains supplementary material, which is available to authorized users.
veterans enrolled in VHA primary care, using national data from a diverse multi-racial sample.
METHODS

Study Design
We performed an observational cohort study of veterans who received health services from the VHA, had a VHA primary care provider in 2011, and were alive on December 31, 2011. Our outcome of interest was death in the following year, with ascertainment of vital status through December 31, 2012. We included all veterans enrolled in VHA primary care, regardless of VHA utilization, given the VHA mission to care for this population of patients. We used data from the VHA Corporate Data Warehouse (CDW) to obtain clinical and administrative data and vital status. 18 We used census tract data from the American Communities Survey (ACS) to determine neighborhood SES, which was linked to geocoded individual veteran data.
Data Sources
VHA Corporate Data Warehouse (CDW). Information about individual demographic and health characteristics were obtained from the VHA CDW. The Primary Care Management Module (PCMM), contained within the CDW, is used to manage patient panels in primary care, and allows facilities to track patients and their assigned primary care provider (PCP). Because we wanted to include only veterans engaged in care at the VHA, we included veterans who were enrolled and assigned to a PCP.
Sociodemographic and health information included age, sex, race/ethnicity, and household income. In addition, the CDW has information on individual disease comorbidities, which we used to generate Gagne comorbidity scores based on diagnoses occurring in 2011. 19 The Gagne score combines previously validated Charlson Index and Elixhauser comorbidity classification systems and performs numerically better in predicting both shortand long-term mortality. 19 Eligibility for VHA services is determined by enrollment in priority groups based on serviceconnected medical conditions, length of military service, disability, and income. 20 We categorized individuals based on their copayment requirement according to VHA definitions (copayment-exempt vs. not copayment-exempt). Low-income patients or those with a 50 % or higher service-connected disability receive care without copayments, while others have copayments for medications and office visits. 20 The Planning Systems Support Group (PSSG) enrollment file contains the geographic coordinates geocoded from veteran addresses. 21 We spatially joined the x/y coordinates of the most recently known residential addresses of our patients to the 2010 census tract boundary file to obtain the census tract Federal Information Processing Series (FIPS) code for each patient. The majority of the geocoded data (87.6 %) were based on actual addresses. The remainder were based on ZIP Codes, ZIP+4, or street midpoints (2.8 %, 8.9 %, and 0.8 %, respectively), and the majority of the less precise coordinates came from rural regions (63.0 %). There was also a systematic increase in the proportion of these coordinates in the SES deciles moving from the tenth to the first deciles (Online Appendix Table A5 ). Because the missing pattern was nonrandom, veterans with non-address-based coordinates were included in the analysis to prevent bias, at the expense of possibly associating patients with incorrect census tracts. The enrollment file includes information on urban or rural location indicators for each veteran based on US Census Bureau delineations.
American Communities Survey (ACS). The ACS is a survey of approximately 3.5 million households, collected annually by the US Census Bureau throughout the year using mailed questionnaires, telephone interviews, and visits from Census Bureau field representatives. The ACS accumulates samples over 5-year intervals to produce estimates for smaller geographic areas, including census tracts. 22 We used the 5-year rolling average from 2008 to 2012. Census tracts are designed to be relatively homogeneous with respect to population characteristics, economic circumstances, and living conditions, and contain a consistent number of residents (3000-8000 individuals). 23 We used census tracts (n = 72,722) as proxies for neighborhoods.
Neighborhood SES Measure. Neighborhood SES was measured using a previously developed 100-point NSES index. 6, 8, 24 Because there is no uniformly accepted criterion in the US for measuring neighborhood socioeconomic status and area deprivation, we chose the NSES index based on previous studies in the veteran population 14 and in the national US population. 6, 8, 24 Components of the NSES index were identified in previous national US studies using factor analysis to understand the influence of neighborhood on health. 6, 8, 24 The NSES index consists of six components: 1) percentage of adults age 25 years or older with less than a high school education; 2) percentage of men who are unemployed; 3) percentage of households with income below the poverty level; 4) percentage of households receiving public assistance; 5) percentage of households with children in which the head of household is female; and 6) median household income. A Z-score was computed for each variable by subtracting the population mean and then dividing by the population standard deviation. The NSES index was calculated by subtracting the Z-scores for the first five components from that of the median household income, and then scaling the result to range from 0 to 100, with higher values corresponding to higher NSES. Veterans were classified by the decile of NSES index, with deciles derived from the calculated distribution of veteran NSES scores.
Statistical Analysis
Logistic regression was used to estimate the odds of mortality in 2012 as a function of NSES index. In order to understand the influence of neighborhood SES as compared to individual factors and medical comorbidity, three models were considered. The first model tests the association of NSES decile of residence and mortality, adjusting for age, gender, race/ethnicity, and census tract rurality. We included individual-level income and copayment status in the second model, because it has been shown previously that studies that did not adjust for individual-level SES measures were more likely to observe an area-level SES effect, while studies that included individual SES indicators generally found lower neighborhood effects. 4 As a sensitivity analysis, we ran models 1 and 2 among the veterans who had address-based geocodes. Because of the potential for reverse causality (e.g. health status determining neighborhood choice), comorbidity was considered separately. The results of these two models, with the Gagne scores, are included in the appendix (models 1b and 2b, respectively).
Given the spatial nature of the data, a spatially correlated random effect was entered into each model to account for spatial autocorrelation at the county or county-equivalent level. The random effect was modeled with the intrinsic conditional autoregressive model (ICAR). 25, 26 This model fits a county-level random effect with each county effect s i distributed normally with a mean of its neighboring county effects and variance equal to the overall random effect variance scaled by the number of its neighbors: s i s n ∼Normal s n ;
, where s n ¼ ∑ j∈ i b j ; i is the neighborhood of county i, and n i is the number of counties in θ i . The county level was chosen as the unit of correlation instead of the census tract, as the number of census tracts (over 72,000) made the estimation prohibitively difficult. Spatial models are often built using Bayesian methods. 25 However, this was not practical here due to the size of the models considered. All models were therefore fit using the GLIMMIX procedure in SAS 9.4 (SAS Institute Inc., Cary, NC), with the ICAR covariance random effects matrix developed using R (R Core Team). Neighborhood adjacency was based on the queen continuity which defines two polygons as being adjacent if they share one or more common points. Our analysis is hierarchical, using the census tract-level SES index and county-level correlation structure. We also calculated the C-statistic for each model, which defines how well the model discriminates subjects who have an event (death) from those who do not.
For each model, we also estimated the average marginal effect (AME) 27 of the NSES index on the probability of death using the tenth NSES decile (highest SES) as a baseline. The AME can be interpreted here as the excess probability associated with being in a lower NSES compared to the tenth (highest) decile. The AME on excess lives lost was then determined by taking the product of the number of veterans at risk within each NSES decile and the marginal effect of that risk category.
RESULTS
Our study population consisted of all veterans having vital status, demographic, and NSES data, and who were both assigned a primary care physician and alive on December 31, 2011 (n = 4,814,631), representing 96 % of veterans enrolled in VHA primary care. The sample was mostly men, almost half of the sample was over the age of 65, and two-thirds of the population lived in urban areas (Table 1) . Seventy-five percent were white and 15 % African American. The overall unadjusted mortality for the population during the study period was 2.7 % (n = 127,693 deaths for those with complete vital status, demographic, and NSES data).
Veterans resided in 98 % of all US and Puerto Rican census tracts (n = 72,722 of 74,001 total tracts). The majority of veterans (97 %) lived in census tracts that contained more than 20 veterans. There was significant variation in neighborhood characteristics between tracts that were in the lowest decile of NSES compared with those in the highest NSES decile ( Table 2 ). In areas with the lowest NSES index, for example, 30 % of residents had less than a high school education, compared with only 3 % in the highest-decile areas.
We observed a risk gradient of mortality from the lowest decile of the NSES index to the highest after adjusting for age, gender, comorbidity, race/ethnicity, urban/rural status, and copayment status, as seen in the black curve in Fig. 1 (model 1) . The odds of mortality were 44 % (95 % CI 1.40, 1.49) greater for the first (lowest) decile compared to the tenth (highest). The odds then steadily decreased to the ninth decile, where individual mortality was 5 % (95 % CI 1.025, 1.08) more likely to be observed compared to the tenth decile. This association was attenuated after further adjustment for individual-level income and requirement for copayment exemption (displayed by lighter gray curve in Fig. 1 ). However, veterans living in the four lowest NSES still had significantly higher odds of death than those in the highest NSES decile, with 10 % greater odds of mortality for veterans living in the first decile (OR 1.10, 95 % CI 1.07, 1.14). In a model that included comorbidity status and income, the effect was reduced to 5 % (OR 1.05, 95 % CI 1.02, 1.08). These results were not significantly different for the subset of veterans with address-based geocodes (results not shown). A complete list of odds ratios for all models can be found in the supplementary appendix (Online appendix Tables A1-A4) .
The average marginal effects of probability and their associated effects on mortality are presented in Table 3 . In the first model, the average marginal effect of being in the first (lowest) decile of NSES was an additional probability of death of 0.006 relative to the tenth (highest) decile. With 479,972 patients at risk in the first decile, this translates into 2961 deaths (95 % CI 2701, 3221) attributed to being in the first decile instead of the tenth. Like the modeled odds ratios, the number of deaths decreased with increasing NSES, and the effect was again attenuated in model 2, where the AME of probability in the first decile was 0.002. For model 1, the cumulative AME on mortality from the first nine NSES deciles was 13,334 (95 % CI 12698, 13964). The cumulative AME for model 2 was 2311 (95 % CI [1759, 2866] ) deaths.
From a predictive perspective, C-statistics were 0.740 and 0.748 in models 1 and 2, respectively, and 0.812 and 0.813 in the respective models adjusting for patient comorbidities, suggesting that they have similar power in discriminating between patients who had an event and those who did not (Tables A1-A4 in the online appendix). This suggests that NSES may be a useful parameter for mortality risk adjustment when individual income information is not available-an important result, as individual income data was missing for over one million patients (Table 1) .
in a US population, and differs from previous studies in our use of a large national multi-racial sample from an enrolled primary care population with extensive sociodemographic and clinical data. These results are consistent with a previous work in a non-national veteran cohort 28 and a recent meta-analysis of multi-level studies that found higher mortality for individuals living in areas with low NSES. 4 To determine whether area conditions have an effect on mortality distinct from health determinants linked to individual SES, this meta-analysis included only studies that had both individual-and area-level measures of income and SES. 4 We observed an attenuating effect on NSES when individual-level income was included in the models, which is consistent with previous literature regarding the detrimental effects of poverty. 29 There is a growing awareness among policymakers and health system leaders that improving health outcomes will require not only providing high-quality medical care, but also addressing the social determinants of health. Our work suggests that accounting for contextual and individual-level SES may be needed for appropriate risk adjustment of health outcomes. Without such adjustments, hospitals and health systems with more disadvantaged populations are in danger of being inadequately compensated and inequitably compared with peers. For example, recent studies suggest that safetynet hospitals are being penalized by new Medicare readmission rules that do not include patient-level risk adjustment. 
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DISCUSSION
Based on a national population of veterans enrolled in VHA primary care, we found that veterans living in areas of lower NSES had higher mortality than those living in areas of higher NSES, independent of their individual-level demographic and health characteristics. Ours is the largest such study conducted
These policies are in direct contrast to those of European countries, where area-level deprivation indices are used for resource planning, health care resource allocation, monitoring population health, and health policy development. [32] [33] [34] The VA currently uses risk adjustment in assessing hospital performance and a tiered capitation system, Veterans Equitable Resource Allocation (VERA), for financing. Neither system includes adjustment for the neighborhood of residence of veteran enrollees. However, our results suggest that NSES may be a useful parameter estimate for mortality riskadjustment scores, especially in cases where individual-level income information is missing.
There are several limitations to our study, including the cross-sectional nature of the analysis and the use of selfreported individual income. We were not able to examine the potential mediators of the relationship between NSES and mortality. We also relied on a single point-in-time estimate for addresses, which might introduce misclassification if veterans moved between census tracts. However, previous studies have shown low rates of residential mobility among older individuals and, for those who do move, high correlations of neighborhood characteristics over time. 35 Although the vast majority (86 %) of veterans have house-level geocodes, some veterans were assigned lower-resolution geocodes based on ZIP Codes, mostly among those who live in rural areas. This may have increased variability within our estimates. We included only veterans who received care at the VHA, and our results cannot be generalized to other veterans. The proper identification of neighborhood effects on health is currently a matter of debate, given the selfselection of residents in their neighborhood and unobserved determinants of health that may be correlated with neighborhood choice. However, several studies of the determinants of neighborhood choice suggest that income and education are the most important factors. 36 Despite these limitations, the main strengths of our results are the study population, comprising a large, geographically dispersed, diverse national cohort of veterans, and the availability of extensive clinical, demographic, and other data that are often not available in other standard US sources. The VA is charged by statute with addressing both medical and non-medical determinants of veterans' health, and is uniquely positioned to do so, as it provides social services such as housing support, financial support, and education assistance directly to veterans. 38 The largest study to date on the directionality of the association between place of residence and health status is the Moving to Opportunity (MTO) program. The goal of MTO was to determine whether families who moved from inner-city, high-poverty areas to low-poverty areas could attain better outcomes, including health-related ones. 39 All of the studies based on this experiment have found significant health benefits for moving to less disadvantaged areas. [39] [40] [41] [42] Exploratory analyses of a joint program between the VA and the US Department of Housing and Urban Development (HUD) to house homeless veterans suggest that those who receive services are more likely to be placed in less disadvantaged neighborhoods. 43 Further realigning the VA's considerable resources to address social determinants of health may produce greater gains in health for the veteran population.
